Miro2 Regulates Inter-Mitochondrial Communication in the Heart and Protects Against TAC-Induced Cardiac Dysfunction.
Rationale: The constrained mitochondria in cardiomyocytes communicate with each other, through mitochondrial kissing or nanotunneling, forming a dynamically continuous network to share content and transfer signals. However, the molecular mechanism of cardiac inter-mitochondrial communication is unclear. Objective: To determine the molecular mechanism underlying the robust inter-mitochondrial communication and its pathophysiological relevance in the heart. Methods and Results: By mitochondria-targeted expressing the photoactivatable green fluorescent protein, we revealed that most mitochondrial nanotubes bridge communicating mitochondrial pairs were associated with microtubules. Miro2 (mitochondrial Rho GTPase), the outer mitochondrial membrane protein which usually mediates mitochondrial transport within cells, accompanied with mitochondrial nanotubes along microtubules in adult cardiomyocytes. Adenovirus mediated expression of Miro2 in cardiomyocytes accelerated inter-mitochondrial communication through increasing mitochondrial nanotunneling and mitochondrial kissing between adjacent mitochondrial pairs. In transverse aortic constriction-induced hypertrophic mouse hearts Miro2 protein was declined, accompanied with decreased inter-mitochondrial communication. Miro2 transgenic mice showed ameliorated cardiac function, increased mitochondrial nanotube formation and inter-mitochondrial communication, and improved mitochondrial function after transverse aortic constriction. E3 ubiquitin ligase Parkin was increased in transverse aortic constriction mouse hearts and phenylephrine stimulation-induced hypertrophic cardiomyocytes. Inhibition of proteasome blocked phenylephrine-induced decrease of Miro2, and Parkin overexpression led to the decrease of Miro2. Conclusions: Mitochondrial Miro2 expression levels regulate inter-mitochondrial communication along microtubules in adult cardiomyocytes, and degradation of Miro2 through Parkin-mediated ubiquitination contributes to impaired inter-mitochondrial communication and cardiac dysfunction during hypertrophic heart diseases.Visual Overview: An online visual overview is available for this article.